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I n t r o d u c t i o n  

P o l y c y c l i c  aromatic hydrocarbons (PAH) and a l k y l p h e n o l s  i n  c o a l  
der ived  s o l v e n t s  a r e  important i n  t h e  convers ion  of c o a l  to  s o l v e n t  
r e f i n e d  c o a l  (1). A knowledge of t h e  composition of c o a l  d e r i v e d  s o l v e n t s  
used i n  c o a l  l i q u e f a c t i o n  w i l l  a l low t h e  ad jus tment  of  p r o c e s s i n g  condi- 
t i o n s  t o  improve t h e  s o l v e n t  e f f e c t i v e n e s s  i n  l i q u e f y i n g  c o a l  and t h u s  
improve t h e  o v e r a l l  y i e l d  of c o a l  der ived  l i q u i d s .  S e l e c t i v e  and e f f i -  
c i e n t  methods a r e  repor ted  f o r  t h e  s e p a r a t i o n  and c h a r a c t e r i z a t i o n  of  PAH 
and a l k y l p h e n o l s  i n  c o a l  der ived  s o l v e n t s .  

Experimental  

The c o a l  der ived  s o l v e n t s  were obta ined  from W i l s o n v i l l e ,  Alabama and 
Tacoma, Washington. The W i l s o n v i l l e  sample was a Wyodak c o a l  d e r i v e d  
r e c y c l e  s o l v e n t  from which a l i g h t  d i s t i l l a t e  (533K-) and a heavy d i s t i l l a t e  
(533K+) were o b t a i n e d .  The Tacoma sample w a s  a Kentucky r e c y c l e  s o l v e n t .  

The l i q u i d  chromatograph used w a s  a Waters model ALC/GPC 244 equipped 
with a model 6000-A pump, a U 6 K  i n j e c t o r ,  a f r e e  s t a n d i n g  u l t r a v i o l e t  d e t e c -  
t o r  s e t  a t  254 nm, and a 10-mV s t r i p  c h a r t  r e c o r d e r .  For normal-phase work, 
a u-Bondapak NH2 column and n-heptane:2-prouanol mobile phases  were used. 
For reversed-phase work a u-Bondapak C 1 8  column was used w i t h  methanol: 
water mobile phases .  

A l l  c o r r e c t e d  f l u o r e s c e n c e  e x c i t a t i o n  s p e c t r a  w e r e  o b t a i n e d  w i t h  a 
Farrand MK-2 s p e c t r o f l u o r o m e t e r ,  a Farrand e x c i t a t i o n  c o r r e c t i o n  module, and 
a Farrand Autoprocessor I .  

Resul t s  and Discuss ion  

Polycycl ic  Aromatic Hydrocarbons 

Dry-column chromatography w i t h  an aluminum oxide  ( a c t i v i t y  11-111) 
s t a t i o n a r y  phase and a n-hexane-ether (19: l )  mobile phase w a s  used t o  s e p a r -  
a t e  PAH by r i n g  s i z e  ( 3 - ,  4 - ,  5 - ,  and & r i n g ) .  P r i o r  t o  t h e  dry-column 
chromatography s t e p ,  t h e  c o a l  der ived  s o l v e n t s  were added t o  an  a c i d  
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t r e a t e d  s i l i c a  g e l  column and e l u t e d  w i t h  chloroform.  
py r id ine - type  n i t r o g e n  h e t e r o c y c l e s  ( 2 ) .  Snyder (3) h a s  shown t h a t  PAH 
can be s e p a r a t e d  a c c o r d i n g  t o  r i n g  s i z e  by u s i n g  an aluminum oxide s t a -  
t i o n a r y  phase and a r e l a t i v e l y  weak mobile phase.  These concepts  were 
app l i ed  i n  deve lop ing  t h e  dry-column chromatographic  method f o r  PAH i n  
coal  de r ived  s o l v e n t s .  A f t e r  s e p a r a t i o n  of t h e  i n d i v i d u a l  r i n g  f r a c t i o n s ,  
t h e  f r a c t i o n s  were f u r t h e r  s e p a r a t e d  by e i t h e r  t h i n  l a y e r  chromatography 
(TLC) o r  h i g h  performance l i q u i d  chromatography (HPLC). 

This  s t e p  removed 

I f  TLC w a s  u s e d ,  then a f t e r  s e p a r a t i o n  f l u o r e s c e n c e  p r o f i l e s  of each 
PAH r i n g  f r a c t i o n  d i s t r i b u t e d  on 30%-acetylated c e l l u l o s e  chromatoplates  
were ob ta ined  w i t h  a spec t rodens i tome te r .  The f luo rescence  p r o f i l e s  were 
e s s e n t i a l l y  a p l o t  of f l u o r e s c e n c e  i n t e n s i t y  f o r  a given PAH r i n g  f r a c t i o n  
ve r sus  d i s t a n c e  on t h e  ch romatop la t e .  The p r o f i l e s  were s imple i n  t h a t  
only one o r  two f l u o r e s c e n c e  peaks were o b t a i n e d .  Measurement of f l u o r e s -  
cence peak h e i g h t s  gave an approximate measure of t h e  amount of t h e  3-, 4-, 
5 - ,  and 6- r i n g  PAH. 

For HPLC s e p a r a t i o n ,  t h e  3- and 4- r i n g  PAH f r a c t i o n s  ob ta ined  from 
t h e  dry-column chromatography step were s e p a r a t e d  w i t h  a v-Bondapak c18 
column. F i g u r e  1 shows a t y p i c a l  HPLC chromatogram of a 3-r ing PAH f rac-  
t i o n  from a Wyodak c o a l  de r ived  so lven t  u s ing  a u-Bondapak C18 column and 
methano1:water ( 6 5 : 3 5 )  mobile  phase. I d e n t i c a l  s e p a r a t i o n  s t e p s  were 
c a r r i e d  out  w i t h  t h e  Kentucky c o a l  de r ived  s o l v e n t  and d i f f e r e n c e s  wi th  
t h e  Wyodak c o a l  d e r i v e d  s o l v e n t  were compared. 
c h a r a c t e r i z e d  by chromatographic  c o r r e l a t i o n  f a c t o r s  and co r rec t ed  f luo r -  
escence e x c i t a t i o n  s p e c t r a .  The chromatographic c o r r e l a t i o n  f a c t o r s  were 
desc r ibed  e a r l i e r  ( 4 ) .  Cor rec t ed  f l u o r e s c e n c e  e x c i t a t i o n  s p e c t r a  were 
ob ta ined  because they  a r e  i d e n t i c a l  t o  a b s o r p t i o n  s p e c t r a  and al low f o r  
ready comparison w i t h  l i t e r a t u r e  s p e c t r a .  In a d d i t i o n ,  t h e  c o r r e c t e d  
f luo rescence  e x c i t a t i o n  s p e c t r a  of subs t ances  can b e  ob ta ined  a t  ve ry  low 
c o n c e n t r a t i o n s .  T h i s  i s  important  when sma l l  amounts of m a t e r i a l  a r e  
obtained i n  t h e  s e v e r a l  f r a c t i o n s  c o l l e c t e d  i n  a s e p a r a t i o n  scheme. F igu re  
2 shows f l u o r e s c e n c e  e x c i t a t i o n  s p e c t r a  f o r  s t anda rd  f l u o r a n t h e n e  and 
f luo ran thene  i s o l a t e d  from a Wyodak coa l  de r ived  s o l v e n t  u s ing  t h e  dry- 
column chromatography and HPLC s t e p s .  Seve ra l  3- and 4- r i n g  PAH i n  coa l  
der ived s o l v e n t s  w e r e  s e p a r a t e d  and c h a r a c t e r i z e d  by t h e  approaches desc r ibed  
above. 

The HPLC sepa ra t ed  PAH were 

S i m i l a r  app roaches  w i l l  be  used f o r  t h e  5- and 6- r i n g  PAH. 

Alkylphenols  

HPLC methods developed p rev ious ly  f o r  o r t h o  and nonortho a lky lpheno l s  
i n  coal  de r ived  s o l v e n t s  were improved ( 5 , 6 ) .  A t h e o r e t i c a l  equa t ion  devel-  
oped by Scot t  and Kucera ( 7 )  was app l i ed  f o r  t h e  p r e d i c t i o n  of r e t e n t i o n  
volumes of a l k y l p h e n o l s  and mobile phase composi t ions which improved t h e  
r e s o l u t i o n  of a l k y l p h e n o l s  i n  normal phase HPLC systems.  
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Figure  1. HPLC Chromatogram of  3-Ring PAH F r a c t i o n  from 533KiWyodak 
S o l v e n t  from W i l l s o n v i l l e  
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F i g u r e  2. C o r r e c t e d  F luorescence  E x c i t a t i o n  S p e c t r a  of a S tandard  Fluor-  
a n t h e n e  Sample (a )  and Suspect Component (b)  from HPLC 
S e p a r a t i o n  of 533K+ Wyodak Solvent  
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